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BOTANY. 1 

Nitrogen Fixation in Algae. — The following results of research 
on this subject since 1892 are thus summarily stated in a recent num» 
ber of Nature. They are chiefly derived from the papers of Grosso- 
witsch, Schloessing, Laurent and Koch. Their observations shed much 
light upon the question of the relations exisiting between Algse, micro- 
organisms, and atmospheric nitrogen. They show : — 

(1) That at least two Alga?— Cystococcus and Stichococcus— possess no 
" fixing " powers in themselves. 

(2) That many Algse, taken together with certain microorganisms 
of the soil, do possess the power of assimilating atmospheric nitrogen. 

(3) That this power is much increased by the addition of such 
organic substances as sugar. 

It should be noticed that among the ten cultures used in the second 
set of experiments, only two contained definitely isolated algal species, 
viz. the cases of the two cultures of Cystococcus and soil-bacteria. 

It was just in this instance, moreover, that it had been shown that 
the Alga itself had no capacity for fixing atmospheric nitrogen. Ac- 
cordingly there could be little doubt that it was through the agency of 
the microorganisms that the " fixation " had taken place in these latter 
cultures. 

The experiments of Laurent and Schloesing had shown that if in a 
culture of Algse and bacteria endowed with " fixing " powers, the Alga? 
were destroyed, the bacteria lost partly, if not entirely, this capacity, 
which the mixture had possessed. This pointed clearly to the fact that 
there was some close relationship'existing between the Algse and micro- 
organisms. 

There are many facts which seem to indicate the nature of this rela- 
tionship. 

Berthelot found that the nitrification of the soil only took rjlace as 
long as organic compounds were present ; if these were exhausted, the 
nitrifying process ceased. Gautier and Dronin also showed the im- 
portance which organic compounds have with respect to nitrification. 
Kossowitsch's own experiments, in which the advantage of adding 
sugar to the culture was shown, also point in the same direction. 

From such observations as these, Kossowitsch concludes that the 
relationship which the Algse bear to the microorganisms is one con- 

1 Edited by Prof. C. E. Bessey, University of Nebraska, Lincoln, Nebraska. 



372 The American Naturalist. [April, 

nected with the organic food supply of these latter; he thinks that the 
Algse, furnished with nitrogen by the bacteria, assimilate the carbo- 
hydrate material, part of which goes to their own maintenance, but 
part also to that of the microorganisms. It is, therefore, in his belief, 
an instance of symbiosis in which each supplies the wants of the other. 
There are many facts, partly the result of his own observations, partly 
the result of those of others, which uphold this view. If the mixed 
culture be placed in the light, there is a far more noticeable nitrogen 
increase than when in darkness. Again, if a rich supply of carbon 
dioxide gas be provided, this is marked by a decided rise in nitrogen- 
fixing powers. Both these conditions are such as are known to influ- 
ence carbohydrate assimilation in chlorophyll-containing organisms ; 
but all experience is antagonistic to the view that light should be bene- 
ficial to the vital activity of the bacteria, and there are only one or two 
exceptional instances (Nitromonas, etc.) in which carbon dioxide can 
be directly assimilated by these microorganisms. 

Moreover, in the cases where the bacteria are bought into immediate 
contact with the Alga, as in those species of Algse which are' enveloped 
in a gelatinous covering wherein the microorganisms become imbedded, 
nitrogen fixation appears to be greatly aided, and the addition of sugar 
to the culture has no such marked effect as in the instances where non- 
gelatinous Algse are employed. The explanation of this seems to be 
that the bacteria embedded in the gelatinous sheath are amply pro- 
vided with carbohydrate food without the addition of sugar, which, 
therefore, comes more or less as a superfluity. 

All this seems to justify Kosswitsch's view of the part played by the 
Algse in the fixation of nitrogen ; it appears to show that they have an 
indirect, but none the less important, influence upon the process. 
(Nature, Jan. 24, 1895.) 
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RULES FOR CITATION 

Adopted by the Madison Botanical Congress and Section G, A. A. A. 5. 



Writers and publishers of botanical matter are earnestly requested 
to adopt the forms here recommended. Examples of various cita- 
tions illustrating the applicatio7t of the rules in specific cases are 
given. Correspondence may be addressed to Secretary of the Com- 
mittee on Bibliography, 1284. Massachusetts Ave., Cambridge, Mass. 

In each complete citation there should be given the following 
items: 

a. Author's surname in full, followed by a comma. 

b. Exact title, verbatim, following the capitalization required 
by the usage of the language in which the title is written, but not 
necessarily the capitalization employed. 

c. Name of periodical or work, abbreviated in accordance with 
list of journals and catalogue of authors under recommendation 1 . 
a. b* 

d. Series, if any, in Roman capitals. 

e. Volume number in bold face Arabic numerals, followed by 
colon. In case there is no volume number, the number of the 
part, heft, lieferung, or fascicle is to occupy this place but is to 
be printed in Arabic numerals of ordinary face. When a volume 
is composed of parts separately paged the number of the part 
shall be written as an index figure to the volume number. Vol- 
umes in parts with continuous paging require no designation of 
parts. 

f. Page, in Arabic numerals of ordinary face. In case paging 
of the paper is in Roman numerals these should be used, prefer- 
ably small caps. Re-paging in reprints and separates is to be in- 
dicated by enclosing the numerals in parentheses. In case the 
original paging is unknown an em dash should occupy its place, 
the reprint paging being given in accordance with the foregoing 

*See Proc. Mad. Bot. Cong. 45. Je 1894. 
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rule. No individual or unique paging is to be cited under any 
circumstances. 

g. Figures, plates and exsiccatae are to t>2 printed in Italic 
Arabic numerals, the number designating the figure or plate to 
be preceded by the abbreviations f. and pi. , respectively, in Ital- 
ics, d. following a page number may be used, when desired, to 
indicate description of a species. 

h. Exact date must be given if possible, written in the mode 
and with the abbreviations for months used by Library Bureau.* 
The year at least must be given. 

i. Punctuation. Except the comma following the author's 
name, and the colon following the volume number all the items 
are to be separated by periods. If another citation follows in the 
same line it is to be separated from the first by an en dash. Spe- 
cific, generic and varietal names are to be written and punctuated 
in the method used in the "L,ist of Pteridophyta and Spermato- 
phyta" issued under the direction of the Botanical Club, A. A. 
A. S. 

j. If it is considered desirable to give other data than series 
number (if any), volume number, page and date, these should 
be added in brackets after the date. But useless or unnecessary 
data should be avoided. 

k. Citations of reviews, abstracts, and all such secondary refer- 
ences should be enclosed in parentheses. 

Examples. 

i. Lagerheim, G. von. Ueber das Vorkommen von Evt- 

ropaeischen Uredineen auf der Hochebene von Quito. 

Bot. Centralb. 54 : 324-331. 1893. 
a. Trelease, W. A revision of the American species of 

Epilobium occurring north of Mexico. Rept. Mo. Bot. 

Gard. 2: 69-117. pi. 1-4.8. 22AP1891. 
3. Sargent, C. S., Editor. Populus monticola. Gard. 
and For. 7:313- /• 5$- 8 Agi894- _^^ 

*Those abbreviations are as follows: Ja, F, Mr, A?, Mv, J;, Jl, Ag, S.'O, N, 
D; i. e , the initial of the month followed bv the first distinctive letter. 
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4- Dietel, P. Die Gattung Ravenelia. Hedw. 33:22-48. 

pi. 1-5. 30 Ja. 49-69. 1 5 Ap 1894. 
The foregoing are correct forms for catalogue by author The 
following illustrate cases arising under the rules indicated by 
the letter preceding. 

5- Ell. and Everh. Pyren. 491. My 1892. 

6. c. Proc. Phil. Acad. 1894:53-59. 1894. 

The year number, 1894, is the volume number, and not neces- 
sarily the year cf publication. E. g., 

7. e. Bessey, Am. Pomol. Soc. 1885:42. 1886. 

8. e. Mez, C. Bronieliaceae. III. Flora Brasiliensis 115: 

425-634. pi. 81-114. 1 F 1894. 
Not Fasc. CXV, 425-634, t. 81 114. 

9. e. Saccardo, P. A. Syll. Fung. 7^481. N1890. 

10. e. j. Bull. Geol. and Nat. Hist. Surv. Minn. 9:39-42. 2 Mr 

1S94. 

Not ()•; nor 9 part 2; nor 1894 [part 2|. 

11. e. j. lyinn. Sp. Plant. 6 2 :i25. 1852. [ed. Willd.] 

12. e.j. Gray, A. Man. Bot. 225. 1890. [6th ed.] 

13. f. Peck, C. F. Rep. N. Y. Mus. 47= — (18). N 1894. 

14. g< Ell. and Everh. N. A. F. 164.2. F1889. 

15. g. Rept. Mo. Bot. Gard. 2:98. d. pi. 28. 22AP1891. 

16. i. Beringer, Am. Jour. Pharm. 66:220. My 1894.— Tu- 

lasne, Ann. Sci. Nat. Bot. III. 7:85. d. pi. 2. f. 3. 
1847. 

17. j. Bailey, The Japanese plums in North America. Bull. 

Cornell Exp. Sta. 62:3-36. Ja 1S94. [Illust.] 
The figures are not numbered. 

18. k. Ell. and Kell. Jour. Myc. 1:12. d. Ja 1885.— (Hedw. 

24: 45 d. Jei885.) Peck, (Grev. 22: in. Jei894. ) 



